INTRODUCTION

UVOD
Almost any material can be cut by the application of the most used resources, water and stone. The last development makes the method of WJC very effi cient. It is avery simple, clean and reliable technology and therefore it becomes an alternative to other methods in various branches. However, there are also limitations of WJC and therefore it should be monitored and its technological process improved. To this purpose we have decided to write this paper (also as a part of VE-GA project under the registration number 1/0196/08 titled "Investigation of the process of wood manufacturing by Water Jet Cutting"). Our paper contains specifi c results from a series of experimental monitoring within the scope of the VEGA title.
WJC technology can be simply described as a process of material cutting by mechanical impact of a liquid on manufactured material. Technology of applied WJC can be divided into two basic groups -cutting by clean native water-jet and cutting by abrasive water jet. Wood processing practice knows cutting by clean native water jet as chipless cutting and abrasive water jet cutting as chip cutting (Bernd, 1993) .
Technological process uses high pressure and narrow high-speed stream of water (the water pressure around 400 MPa) as a cutting tool (Maňková, 2000) .
Abrasive water jet belongs to more wedges tools with undefi ned cutting edge (like in grinding) and also decisive mechanism for removal of machined material is similar to the above mentioned method. Cutting wedges are formed with abrasive grains randomly oriented in the beam (Barcík, 2007) .
Most equipments for WJC around the world get high pressures by using the multiplier. The principle of high pressures generated by the multiplier lies in the diversity of two tightly linked pistons (Krajný, 1998 ).
MATERIAL AND METHODS
MATERIJALI I METODE
The methodology corresponds to the experimental pursuit (Kvietková, 2010) .
MDF boards were used for the WJC experiment. The parameters of the samples were: -thickness of the test sample: 22 mm, 44 mm, 66 mm. -required width of the test sample: w = 180 mm (± 2.5 mm) -required length of the test sample: l = 500 mm (± 5 mm) -moisture content of the test samples: w = 8% (± 2%).
Cutting of samples was done in DEMA Ltd. Zvolen. The equipment was assembled based on components of the American fi rm FLOW Int. by the fi rm PTV Ltd. Praha (Figure 1 ). It consists of a high-pressure pump PTV 37-60 Compact, and a work table with water-jet head WJ 20 30 D-1Z supplied by the fi rm PTV.
Test samples were cut according to the basic cutting plan (Figure 2 ). Consequently, three cuts were done for each thickness on the samples to eliminate the effect of specifi c properties of the given sample ( Figure 3) .
Technical parameters of the devices are similar to states (Barcík, 2010) . The experiments were carried out with technical parameters of the equipment: -cutting liquid pressure: 4000 bar = 400 MPa -abrasive: Australian garnet GMA (grain size 80 MESH = 0.188 mm) -diameter of abrasive jet nozzle: 1 mm Creation of digital photography of the kerf width with reference scale is illustrated in Fig. 6 and Fig. 7 .
Measuring of kerf width 2.2. Mjerenje širine propiljka
Measuring of the kerf width at the output of water-jet from the material becomes more diffi cult due to .......... Barcík the rippled surface of the cutting edge (see Figure 7b ). As for practical use it is important to determine the maximum size of the kerf (in terms of determining the possibilities of the material for further working), the kerf width is measured as the distance between the two most remote parallel tangents placed on the cutting edge, while the evaluated cutting edge length was always 15 mm.
Conversion of relative dimensions 2.3. Promjena relativnih dimenzija
Conversion of relative dimensions was done according to the relation: The values of the kerf width growth at the input of water-jet into material, while changing the cutting direction from longitudinal to cross-cutting, can be explained by the orientation of particular wood elements. When the material is cut under longitudinal direction, cell elements are oriented by its length dimension identically to tool movement, and at the cross-cutting of the material there are also cells cut. By decreasing the abrasive-jet energy there is higher risk of cell rip in the material.
Infl uence of material thickness 3.2. Utjecaj debljine materijala
Results of the effect of material thickness on the kerf width are presented in Table 5 and 6.
The greater is the thickness, the higher amount of abrasive particles is gathered in the cut and these particles, apart from their primary effect -cutting of the material, also cause the external effect, which is the widening of the kerf due to washing-out of the material. Increased values of the kerf width in the test samples of higher thickness are signifi cantly infl uenced by the lag of water-jet caused by gradual loss of its kinetic energy.
The experiment shows that the optimum material thickness is 22 mm. This thickness caused the lowest kerf width values both at the input and output.
Infl uence of feed rate 3.3. Utjecaj posmaka
At the input, the change of the feed rate from 200 mm/min to 400 mm/min causes values of the kerf width lower by 3%. The change of feed rate from 400 mm/ min to 600 mm/min causes an increase of the kerf width by 5%.
At the output, the change in feed rate from 200 mm/min to 400 mm/min causes an increase of the kerf width by 9%, and the change of feed rate from 400 mm/min to 600 mm/min causes its increase by 4.9%.
The experiment has shown that the optimum value of the feed rate is explicitly 400 mm/min, at which the kerf width reaches the lowest dimensions both at the input and output.
Infl uence of abrasive fl ow 3.4. Utjecaj protoka abraziva
With the change of the added amount of abrasive from 250 g/min to 350 g/min, the values of the kerf width have increased by 2% at the input, and then with an increase of the abrasive amount to 450 g/min they have increased by another 2%.
Statistical evaluation 2.4. Statistička obrada
Using the above procedure we have compiled the fi le of kerf width input and output values for all samples. Further, these values were evaluated by the software STATISTICA 7.
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
On the basis of multi-factorial variance analysis, the following sequence of signifi cance of examined factors affecting the kerf width was acquired as presented in Table 1 The results of the effect of cutting direction and material fl ow on the kerf width are presented in Table 2 and 3.
By changing the added amount of abrasive from 250 g/min to 350 g/min at the output of water-jet from the worked material, the kerf width values have decreased by 3%. With the change of the amount of abrasive from 350 g/min to 450 g/min, the values have decreased by 6%.
With an increase of the abrasive mass fl ow to 450 g/min, the kinetic energy of the particles was consumed by their mutual contact, which generated the secondary effect of washing-out of the material at the input and subsequently the narrowing of the kerf width at the output due to energy loss. However, in comparison with the uniformity of the values at both sides, the value of 450 g/min of abrasive mass fl ow seemed to be optimum. At the beginning of the cutting process, it is necessary to decide whether to use water-jet cutting (WJC) or conventional cutting methods. Water-jet cutting is an economical way to cut 2D shapes in a very wide range of materials with no tooling costs. The unique process of water-jet cutting provides reasonably good edge quality, no burrs and usually eliminates the need for secondary fi nishing processes. The process also generates no heat so the material edge is unaffected and there is no distortion. Water-jet cutting can cut single or multi-layer materials (Rašner, 2001 ). It is very necessary to take into account the economic aspect of the whole WJC process. WJC should be compared to other cutting techniques in terms of costs and benefi ts. Costs of WJC assembly and the whole material fl ow must be monitored and quantifi ed, including here fi xed costs, then variable costs (e.g. energy consumption) and also alternative costs related to other (conventional) cutting methods. Another necesary parameter is the production (cutting) time that affects the total capacity and also productivity of an assembly within the material fl ow. Last but not least, the economic aspect must also take into consideration the amount of waste generated by water-jet cutting compared to conventional cutting methods (Rajnoha and Alač, 2003 ).
CONCLUSION 4. ZAKLJUČAK
The experiments have shown that the use of water-jet for cutting of agglomerated materials is a suitable method when it is used with the appropriate combination of technical and technological parameters. The most important benefi t of this technology is small kerf width compared to other cutting technology. From the viewpoint of equality of kerf width on both sides of worked material, more stabile dimensions of kerf width have been observed when cutting materials in longitudinal direction. From the viewpoint of the used technological parameters, the feed rate of 400 mm/min and the abrasive fl ow of 350 g/min have shown to be the optimum. With a thickness exceeding 44 mm, the method becomes less effi cient due to the necessary increase of additional work.
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